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Abstract  
Eco-efficient Product-Service System (PSS) innovations represent a promising approach to 
sustainability. However the adoption of such business strategies is still very limited because it 
often involves significant corporate, cultural and regulatory barriers. An important challenge is 
not only to conceive eco-efficient PSS concepts, but also to understand the contextual 
conditions that facilitate their societal embedding, and which strategies and development 
pathways are the most appropriate. 
The combination of theoretical insights from innovation studies (in particular Strategic Niche 
Management and Transition Management) and a case studies research (exploring the 
innovation journeys made by six companies in introducing their eco-efficient PSS innovations 
in the market) is used to investigate the factors that influence the implementation and 
diffusion of this kind of innovations. The article provides a structured overview of these factors, 
grouping them in four clusters: implementation of socio-technical experiments; establishment 
of a broad network of actors; building up of a shared project vision; creation of room for broad 
and reflexive learning processes. 
Based on these results it is argued that a broader and more strategic system approach should 
be adopted by companies. Companies should focus not only on the PSS solution and its value 
chain, but also on the contextual conditions that may favour or hinder the societal embedding 
of the PSS itself. The article concludes by outlining a key area for future research. 
 
Keywords: Product-Service System (PSS); Sustainability; Commercialisation; Strategic Niche 
Management; Transition Management; Socio-technical experiments.  
 
 
1. Introduction 
Conditions for sustainability require a system discontinuity, meaning that a radical 
redefinition of current structures of production and consumption is needed (Factor 10 Club 
1994; Vergragt and van Grootveld 1994; Schmidt-Bleek 1996; WBCSD 1996). Given the 
dimension of the required change it is therefore clear that innovations on a process and 
product level, although being fundamental and necessary, are not alone sufficient to obtain the 
just mentioned radical shift. For these reasons, if we want to effectively tackle sustainability, 
there is a need to move from a focus on product improvements only, towards a wider systemic 
approach that takes in consideration new potential ways of satisfying the social demand of 
wellbeing. In this perspective, as suggested by Stahel (1986, 1989), it is considered promising 
to move from an industrial economy, in which the central value is based on the exchange of 
products to be consumed and in which the growth is strongly linked to resources consumption, 
to a functional economy, in which products are mere means of providing functions (or better 
still satisfactions). A functional economy is oriented to satisfy consumers through the delivery 
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of functions (e.g. mobility; thermal comfort; having clean clothes) instead of products (e.g. 
cars; boilers and methane; washing machines and powder).  
Within this perspective several authors refer to the concept of Product-Service System 
(PSS) innovation as a promising business model (Goedkoop et al. 1999; UNEP 2002; Mont 
2004; Tukker and Tischner 2006a; Baines et al. 2007). A PSS can be described as an 
integrated system of products, services and socio-economical stakeholders, designed to fulfil a 
specific client need (Goedkoop et al. 1999), with the word system referring to both the system 
of products and services delivered to the customer, and the system of actors that produce and 
deliver the combination of products and services. It is a “total offer”, including products and 
services, such as insurance, guarantees, maintenance and product upgrading, repair, take-
back and refurbishing (Williams 2007). PSS is not a new economic concept: several examples 
of PSS have in fact been implemented in the last decades by various companies (Goedkoop et 
al. 1999; UNEP 2002; Mont 2004; Vezzoli 2007). However, the key point to be underlined is 
that a PSS, if properly conceived, can potentially decouple economic value from material and 
energy consumption1 (Mont 2002; Manzini and Vezzoli 2003; Tukker and Tischner 2006c). 
These PSSs are defined eco-efficient (UNEP 2002; Vezzoli 2007): PSS in which the economic 
and competitive interests (of the socio-economical stakeholders involved in the PSS offer) 
continuously foster improvements in resource productivity (e.g. if the material artefact remains 
in the ownership of the producer then there is an economic incentive to design and deliver long 
lasting products in order to postpone maintenance and disposal costs and the costs for 
manufacturing of new products (Halme et al. 2004)). 
A wide number of research projects in the field of PSS and sustainability have been 
recently supported by EU funding2, and several methods and tools have been developed in the 
last years to orient and support the designing of eco-efficient PSSs3. However, despite all the 
knowledge accumulated, it has to be underlined that the application of this concept is still very 
limited. The reason is that eco-efficient PSSs are in most of the cases4 radical innovations, 
because they challenge existing customers’ habits (cultural barriers), companies’ 
organizations (corporate barriers) and regulative frameworks (regulative barriers) (UNEP 
2002; Mont 2002; Tukker and Tischner 2006a). 
Schot and Geels (2008) consider radical innovations always immature when they enter 
the mainstream market because they cope with a dominant socio-technical context (and its 
                                                 
1 It has to be underlined that not all PSS are sustainable (Mont 2004; Tukker & Tischner 2006c; Cook et al. 2006). 
They have a potential to contribute to sustainability only if carefully designed. 
2 For instance: PROSECCO - Product & Service Co-Design process (2002-2004, FP5); HiCS - Highly Costumerized 
Solutions (2001-2004, FP5); MEPSS - Method for PSS development (2001-2004, FP5); SusProNet - the sustainable 
product-service design network (2002-2004, FP5); SCORE! - Sustainable COncumption Research Exchange! (2006-
2009, FP6). 
3 See for example DES, Design of eco-efficient services methodology (Brezet et al. 2001); PSS innovation scan for 
industry (Tukker & van Halen 2003); HiCS, Highly Customerised Solutions (Manzini, Collina and Evans, 2004); MEPSS, 
Methodology for Product Service System development (van Halen, Vezzoli & Wimmer 2005); Practical guide for PSS 
development (Tukker & Tischner 2006b); MSDS, Method for System Design for Sustainability (Vezzoli, Ceschin & 
Cortesi 2009; Vezzoli 2010).  
4 We are in particular referring to sustainable PSS in the B2C market, while in the B2B sector numerous examples of 
sustainable PSS concepts can be identified. 
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established and stable rules and networks of actors). Eco-efficient PSS innovations are in most 
of the cases such a radical innovation. In fact, as underlined by Tukker and Tischner (2006c), 
eco-efficient PSS implementation cannot be realised by simply asking a company to change its 
business model alone, because changes in the socio-technical context are most of times also 
required. Hence, for those companies that do see eco-efficient PSS as key to their future, an 
important challenge is not only to conceive eco-efficient PSS concepts, but also to understand 
the contextual conditions in which they are introduced and which strategies and development 
pathways are the most appropriate. 
Although the concept of eco-efficient PSS has been discussed in the literature for over a 
decade, not much attention has been devoted to understand how the process of introduction 
and diffusion takes place, and how it can be managed and oriented (Tukker and Tischner 
2006c; Baines et Al. 2007). This paper intends to be a contribution to fill this gap. In particular 
the paper aims to identify the critical factors which contribute to the successful implementation 
of eco-efficient PSSs.  
In order to determine these factors we propose to build upon the field of innovation 
studies. Recent developments in the research streams that focus on system innovations and 
socio-technical transitions (i.e. Strategic Niche Management and Transition Management 
approaches), have provided insights on how to facilitate the introduction and diffusion of 
radical innovations. According to these theories, the introduction of these innovations requires 
the creation of partially protected socio-technical experiments in which various actors 
exchange knowledge, information and experience (Schot and Hoogma 1996; Kemp et al. 1998, 
2001; Loorbach 2002). These experiments represent strategic opportunities to incubate radical 
innovations and help to overcome the innovation inertia derived from the established cultural, 
organisational and regulatory rules. For these experimentations to be successful, it is 
emphasised the importance of involving a broad network of social actors, aligning and 
converging their expectations, and creating room for broad and reflexive learning processes 
(Raven 2005). 
In seeking to deepen understanding of the potential contribution that SNM and TM could 
make in addressing the problems underlined above, this paper begins by illustrating the 
barriers which hinder the implementation and diffusion of eco-efficient PSSs, and discussing 
which insights from SNM and TM are relevant for the specificities of this kind of innovations. 
Building upon this discussion the paper presents a conceptual framework for the 
implementation and diffusion of eco-efficient PSSs. The framework provides a structured 
overview of the factors considered important to increase the chances for a successful societal 
embedding process. A case studies analysis, investigating the innovation journeys made by six 
companies in introducing their eco-efficient PSS concepts in the market, is then used to 
validate and refine the framework. The methodology adopted for the case studies, and the 
related results are illustrated and discussed in the third section. Based on the case studies 
results, the article concludes by outlining a key area for future research. 
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2. Eco-efficient PSS implementation and diffusion: contributions from innovation 
studies? 
 
2.1 Eco-efficient PSS implementation and diffusion barriers 
Despite all the knowledge accumulated on understanding how to develop eco-efficient 
PSSs, and despite their potential win-win characteristics, the diffusion of this concept is still 
very limited. The reason is that eco-efficient PSSs are intrinsically radical innovations, and the 
adoption of such business strategies brings with significant corporate, cultural and regulatory 
challenges. 
For companies the adoption of an eco-efficient PSS strategy is more complex to be 
managed than the traditional way of delivering products alone. In fact there is the need to 
implement changes in corporate culture and organisation in order to support a more systemic 
innovation and service-oriented business (UNEP 2002), and the need to cope with an internal 
resistance to extend the involvement with a product beyond point-of-sale (Stoughton et al. 
1998). Moreover, since PSSs determine the changing of systems and sources of gaining profit, 
this could deter producers from employing this concept (Mont 2002): PSSs in fact require 
medium-long term investments and are connected with uncertainties about cash flows (Mont 
2004). A further obstacle is the difficulty of quantifying the savings arising from PSS in 
economic and environmental terms, in order to market the innovation to stakeholders both 
inside and outside the company, or to the company’s strategic partners (UNEP 2002). In 
synthesis companies require, as a consequence, new design and management knowledge and 
skills. 
For customers, the main barrier is the cultural shift necessary to value an ownerless 
way of having a satisfaction fulfilled, as opposed to owning a product (Goedkoop et al. 1999; 
Manzini et al. 2001; Mont 2002; UNEP 2002). In fact, as argued by Behrendt et al. (2003), the 
problem is that solutions based on sharing and access contradict the dominant and well 
established norm of ownership5, and requires new customers habits and behaviours. It has 
also to be underlined that product ownership not only provides function to private users, but 
also status, image and a sense of control (James and Hopkinson 2002); elements which are 
sometimes missing in ownerless based solutions. Another obstacle is the lack of knowledge 
about life cycle costs (White et al. 1999), which makes it difficult for a user to understand the 
economic advantages of ownerless based solutions. 
On the regulatory side, environmental innovation is often not rewarded at the company 
level due to lack of internalization of environmental impacts (Mont and Lindhqvist 2003). In 
addition governments face difficulties in implementing appropriate policies to create corporate 
                                                 
5 This is especially true in the B2C market, while in the B2B sector numerous examples of eco-efficient PSS concepts 
can be identified (Stahel, 1997). 
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drivers to facilitate the promotion and diffusion of this kind of innovations (Mont and Lindhqvist 
2003; Ceschin and Vezzoli 2010). 
In synthesis eco-efficient PSS innovations usually encounter the opposition of the existing 
socio-technical context, because in most of the cases they require a change in the routine 
behaviours that are daily reproduced by individuals, groups, business communities, 
governmental institutions, and society at large (Tukker and Tischner 2006c). As a result eco-
efficient PSS innovations are often immature when they enter the market and therefore have 
high probability not to survive under the mainstream selection environment. Since the 
diffusion of eco-efficient PSSs requires changes in contextual factors conditions, a much 
broader system approach is therefore needed to facilitate the societal embedding of this kind 
of radical innovations. 
 
2.2 Insights from innovation studies 
The challenge of understanding radical innovations has been addressed by innovation 
studies. Recent developments in this field (in particular the Strategic Niche Management and 
Transition Management approaches) have focussed on socio-technical transitions and have 
brought insights on how to facilitate the introduction and diffusion of radical innovations. 
Transition theorists refer to system or radical innovations as major changes in the ways 
societal functions (such as transportation, communication, housing and feeding) are fulfilled 
(Rip and Kemp 1998; Geels 2002). The dynamics of transitions depend on the interactions 
between three different functional levels (Geels 2002; 2005): the socio-technical regime (meso 
level) which refers to the dominant and relatively stable set of culture, practices and 
institutions related to a specific field (e.g. mobility, energy, etc.); the niche (micro level), a 
protected space “isolated” from the influence of the dominant regime, where radical 
innovations can be tested, become more mature, and potentially challenge and change regime 
practices and institutions; and the landscape (macro level), which represents the social, 
economic and political context in which actors interact and regimes and niches evolve. 
Transitions take place through the fruitful coupling of developments at all three levels (Rip and 
Kemp 1998; Geels and Kemp 2000; Geels 2002): when the regime is sufficiently open to 
accept radical innovations; when there is enough pressure from the landscape; and when 
radical innovations developed in niches can exploit the opportunities for change. 
Strategic Niche Management (SNM) and Transition Management (TM) are two approaches 
that share the ambition to stimulate and orient transitions towards sustainability. SNM is an 
approach which suggests that the introduction and diffusion of radical innovations can be 
facilitated by the creation of partially protected spaces (niches) for socio-technical 
experimentation (Kemp et al. 1998; 2001; Hoogma 2000; Hoogma et al. 2002). TM is a 
broader governance approach aimed at influencing, orienting and facilitating transition 
processes towards sustainable outcomes (Loorbach 2002; Kemp and Loorbach 2003; Loorbach 
2007); it includes a portfolio of systemic instruments, structured in four activity clusters 
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(Loorbach 2002; Rotmans 2003; Loorbach and Rotmans 2006): (i) problem structuring, 
establishment of the transition arena and envisioning; (ii) developing coalitions and transition 
agendas; (iii) executing projects and experiments; (iv) monitoring, evaluating and learning.   
 
2.2.1 Socio-technical experiments 
A core element of both SNM and TM is the setting up of a protected environment to 
conduct socio-technical experiments with innovations that deviate from the regime. 
Protection from market competition takes place for example through investment grants, tax 
exemptions, strategic investment by companies, etc., providing an alternative selection 
environment. Within this protected space continuous experimentations can lead the innovation 
to mature (Schot and Hoogma 1996). Niches can therefore be used as strategic opportunities 
for experimenting, learning, improve the innovation and establish new social networks in order 
to gain momentum for diffusion and challenge dominant regime practices (Kemp et al 1998). 
Sequences of experiments can gradually help to scale up the new socio-technical practices and 
institutions from the local level to a global niche level (Raven 2005, Geels and Raven 2006). 
The movement to a market niche level leads to more exposure to the selection pressure 
(gradually dismantling of financial protection) but also to more stable shared practices and 
institutions (reinforcing of socio-institutional protection) (Schot and Geels 2008). 
The implementation of local experiments, to test the technical, social, political and 
economic configuration of the innovation, and favour its societal embedding, could represent a 
potentially promising strategy for companies who want to shift towards a PSS oriented 
approach. It has however to be underlined that in this case the concept of experiment should 
be seen in a different perspective. Firstly, the entry point is not a technological innovation (like 
it often happens in SNM6), but an eco-efficient PSS concept. An eco-efficient PSS concept can 
of course include some technological artefacts, but the innovative element is mainly related to 
the social dimension; in fact rather than a new technological artefact, an eco-efficient PSS can 
be seen as a new form of social organisation. Secondly, the focus is not on many different 
solutions and innovations at the same time (as it happens in TM (Loorbach 2007)) but on a 
single eco-efficient PSS innovation. In other words the aim is not to simultaneously focus on 
different potential ways of meeting a societal challenge, but on a specific eco-efficient PSS 
innovation (which of course can anyhow evolve during the innovation journey). Thirdly, while 
for SNM and TM the typical central actor is the policy maker, in this paper experiments (and 
the whole societal embedding processes) are seen from a company perspective. This means 
that socio-technical experiments are seen here as a potential strategic tool for companies to 
facilitate the implementation and diffusion of eco-efficient PSSs. 
For these experimentations to be successful, it is emphasised the importance of (i) 
involving a broad network of social actors, (ii) aligning and converging their expectations, and 
                                                 
6 There are however few exceptions. For example Witkamp et al. (2011) adopted and adapted SNM for the analysis of 
social entrepreneurship cases. 
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(iii) creating room for reflexive learning processes (Elzen et al. 1996; Kemp et al. 1998; Raven 
2005). Let us analyse these three processes and their implications in relation to eco-efficient 
PSS innovations. 
 
2.2.2 Actor network 
The establishment and development of a proper socio-economic network is recognised a 
crucial process to protect, support and foster radical innovations. This network should be 
broad, including not only the actors more directly linked with the innovation (such as firms, 
partners, users, etc.) but also other relevant actors from the science, policy and societal 
domains (e.g. research centres, governmental institutions, NGOs, special interest groups, etc.) 
(Raven 2005). In other words it should be a heterogeneous network characterized by scientific, 
social, economic, politic and cultural linkages. The network should be managed dynamically 
because different stages of a societal embedding process require different network 
compositions (Weber et al. 1999). 
Van de Poel (2000) argues that outsiders (with respect to the dominant regime) are 
needed in a network, because they do not share the current regime institutions and practices 
and therefore they may contribute in the development of innovations that deviate from that 
regime. In particular he suggests the involvement of three groups of outsiders: outsiders firms 
(because they can mobilise knowledge and financial and managerial resources to develop such 
alternative innovations), scientists (because they can introduce new designs, criteria, 
approaches and concepts), and societal pressure groups (because they have the potential to 
mobilise insiders in the regime). 
Weber et al (1999) also state that insiders should be involved and in particular that 
government support and protection can be of crucial importance: in the start-up phase in order 
to give experiments legitimacy and stability; and in the subsequent phases, in order to create 
widespread support for scaling up the new practices and institutions related to those 
experiments. 
In relation to the scaling up process, van den Bosch et al (2008) also point out that key 
stakeholders to be involved are actors that have the power and willingness to directly influence 
the dominant culture, practices and institutions (such as Ministries, policy makers and 
politicians, etc.), and actors that (in)directly may influence the regime because they have an 
interest in embedding new sustainable practices in society (such as NGOs, frontrunners in a 
sector or policy domain, etc.). 
In eco-efficient PSSs, a key element is the network of stakeholders that produce and 
deliver the solution to customers. Therefore, for companies that want to adopt a PSS-oriented 
approach, network building is a crucial activity. However, what SNM and TM suggest, is to 
focus not only on the actors directly linked to the PSS solution (partners, suppliers, customers, 
etc.) but also to the actors that could provide support and protection to that solution. A 
broader system approach should therefore be adopted by companies, in order to think to the 
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contextual conditions that may favour the societal embedding of the PSS innovation, and to 
what actors could be involved to support this process. It has however to be underlined that 
this activity could be potentially hindered by the company need to not disclose key information 
about the PSS innovation. 
 
2.2.4 Long term vision 
The process of experimenting and embedding radical innovations in the society requires 
the involvement of many actors from different domains. These actors may hold different 
expectations about a particular innovation. Therefore it becomes fundamental to manage the 
diversity of expectations, and their negotiation and alignment (Raven et al. 2008). The 
convergence of actors’ expectations is important in order to give strategic orientation and 
legitimacy to the innovation development (Kemp et al. 1998; Raven 2005) but also to attract 
new actors and resources (Raven 2005). 
TM suggests that the creation of a shared long term vision can contribute to articulating 
expectations, formulating agendas and action plans, and coordinating the strategies of the 
actors involved (Kemp and Rotmans 2004). In fact, as underlined by De Laat (1996), Akrich 
(1992), Berkhout (2006) and Quist et al. (2006), future scenarios and visions are crucial in 
order to enrol actors and orient their actions. 
It has however to be underlined that expectations are not fixed (Van Lente 1993; 
Hoogma 2000; Raven 2005): actors can change their views and expectations, as result of the 
negotiation processes with other actors, but also in reaction to changes in the external 
environment. As a consequence the long term vision is continuously subjected to refinement 
and re-orientation. 
TM uses broad visions on how to tackle societal challenges, and these visions usually 
include different potential solutions to target those challenges (Kemp and Rotmans 2004). The 
development of project visions, to be used as guides to formulate strategies and persuade 
potential partners and stakeholders, is a common activity done within companies (Marzec 
2007). However it has to be remarked that these visions, differently from the TM perspective, 
usually provide a specific direction to innovations (not broad but rather focussed visions). In 
relation to eco-efficient PSS innovations, the vision usually consists in a PSS idea or concept 
(Vezzoli 2007), which includes the general characteristics of the new business model, a sketch 
of the journey to achieve that vision, the motivations to develop it, and its potential benefits 
(ibid.). These visions are mainly used to communicate the PSS concept inside the company 
(e.g. to different departments) or outside (e.g. to project partners, customers, etc.). If a 
broader network of actors is involved in the process (as TM and SNM suggest), the vision 
should be built in order to take in consideration also their perspectives and the roles they could 
play. 
 
2.2.4 Learning processes 
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Learning takes place when individuals assimilate new information and apply it to their 
subsequent actions (Hall 1993). It is therefore crucial in the process of inducing changes 
towards the adoption and diffusion of radical innovations, in which new basic belief, behaviours 
and rules are required (Van de Kerkhof and Wieczorek 2005). An adequate learning process is 
considered key important in SNM and TM, because it enables adjustments of the innovation 
and increases chances for a successful diffusion (Raven et al. 2010). 
Firstly, an effective learning process should be broad (Weber et al. 1999; Raven 2005; 
Kemp and van den Bosch 2006), focusing on many dimensions of the problem: not only the 
technical and economic aspects of the innovation, but also the cultural (societal beliefs, values 
and habits), regulative (government policy and regulatory frameworks), and institutional (rules 
and norms) ones. 
Secondly, learning should be reflexive (Hoogma and Schot 2001; Raven 2005; Kemp and 
van den Bosch 2006), implying that both first and second order learning occur. First order 
learning can result in a correction or resolution of a certain problem (e.g. technical issues). 
Second order learning (Hall 1993) leads to a paradigm shift, which refers to a change in the 
problem definition, basic assumptions, norms, values and interpretive frames which govern the 
decision-making process of individuals, communities and organizations. 
In order to stimulate second order learning, several authors (Hoogma and Schot 2001; 
Lynn et al. 1996; Leonard 1998; Raven 2005; Kemp and van den Bosch 2006) point out the 
importance of involving a heterogeneous set of different actors in the network. 
The implementation of field tests and pilot projects, in order to learn about the technical 
and usability aspects of a solution, is a common strategy adopted by companies to test their 
innovations (Lynn et al. 1996). However, what SNM and TM suggest, is to learn on many 
different dimensions. The challenge for companies is therefore to broaden learning processes 
in order to include also the cultural, regulative and institutional dimensions. In relation to eco-
efficient PSSs, this means that socio-technical experiments should be also used by companies 
to learn about the different contextual factors that could influence the innovation (e.g. learn 
about policy measures to promote the PSS, learn about the different barriers that could hinder 
the implementation of the innovation). The second challenge for companies is to induce 
learning (in particular second order learning) in other socio-economic actors (e.g. stimulate 
users in changing their habits, stimulate administrations in implementing appropriate policy 
measures, etc.). This means that companies should strategically try to influence context 
conditions in order to favour the adoption and diffusion of their PSS innovations.  
 
2.3 Conceptual framework 
Building upon the insights from SNM and TM (and their adaptation to the specific 
characteristics of eco-efficient PSS innovations), a conceptual framework is developed7. It 
                                                 
7 The conceptual framework is represented using a visualisation that describes a general transition process. However it 
must be stressed out that this process is seen from the perspective of a company and not from the policy maker one 
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provides a comprehensive description on how eco-efficient PSS innovations take place and 
hypothesises the critical factors that have an influence on the process (see fig. 1). In 
synthesis, the entry point of an eco-efficient PSS innovation is a project vision (I): a PSS idea 
or concept developed to overcome a societal/business challenge. This project vision provides a 
direction to the societal embedding process (II), in which a broad network of actors (III) 
experiments and learns how the project vision can be met. The societal embedding process is 
based on the implementation of small scale socio-technical experiments, the development and 
empowerment of a niche, and the scaling up of the PSS innovation (and its related new set of 
culture, practices and institutions) in the regime. The process is characterised by dynamic 
adaptation: what is learned by actors leads to a continuous and mutual adjustment of the 
transition path, the project vision and the actor network itself (IV). 
 
 
Fig. 1. Conceptual framework for the implementation and diffusion of eco-efficient PSSs. 
Numbers indicate the expected factors that can influence the process (see table 1). 
 
The project vision consists in an eco-efficient PSS idea or concept, and represents the 
final goal to be achieved by the company. It provides a direction to the societal embedding 
process and therefore a direction to the stakeholders’ actions. The project vision is key 
important in enabling the strategic conversation among actors (facilitating therefore the 
convergence of their expectations), as well as in enrolling new actors in the project. 
The societal embedding process is characterized by four main phases:  
                                                                                                                                                                  
(as it usually happens in SNM and TM). Thus, insights from SNM and TM were discussed and adapted to fit this 
perspective. In particular this was done in relation to eco-efficient PSS innovations.  
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- incubation, in which the conditions needed to start the process are set up (identification 
and involvement of needed actors; discussion and negotiation to achieve a common 
consensus on the PSS concept as well as on the potential strategies to socially embed 
the concept).  
- socio-technical experimentation, in which experiments take place with the aim of 
learning and exploring how to improve the PSS innovation and contribute to its societal 
embedding. 
- niche development, in which the new set of culture, practices and institutions (related 
to the PSS innovations) increases its stability and its influence on the regime.  
- scaling-up, in which the initially unusual PSS innovation increasingly becomes part of 
the dominant way in which a societal satisfaction is fulfilled.  
The actor network includes all relevant types of actors capable to protect, support and 
foster the PSS innovation in the different transition phases. Its composition, as well as the 
required tasks to each actor, continuously evolves in time.  
The following table resumes the expected critical factors that can influence the process of 
societal embedding of eco-efficient PSS innovations. They are grouped in four clusters (societal 
embedding process, actor network, project vision, learning process) and positioned in fig. 1. 
 
  Expected factors (in successful projects it is expected that…) Source 
S
o
c
ie
ta
l 
e
m
b
e
d
d
in
g
 1 One or more socio-technical experiments are implemented  
2 Socio-technical experiments contribute to learn on many different 
dimensions (e.g. technical, user acceptance, political, regulative, cultural 
and social acceptance, etc.) 
Kemp et al. 1998; 
2001; Hoogma 2000; 
Hoogma et al. 2002 
3 Socio-technical experiments contribute to influence the socio-technical 
context in order to stimulate the societal embedding of the PSS innovation 
Kemp et al. 1998; 
2001; Hoogma 2000; 
Hoogma et al. 2002 
4 Socio-technical experiments are initially implemented in an environment 
protected from the mainstream market selection (financial protection)  
Kemp et al. 1998; 
Weber et al. 1999; 
Hoogma et al. 2002 
5 Niche development is supported by repeating the experiment in a variety of 
contexts, and linking the experiment/s to other functions or domains  
Geels and Raven 
2006; Rotmans and 
Loorbach 2006 
6 Financial protection of socio-technical experiments is gradually dismantled 
during the niche development process, while institutional protection is 
reinforced and transferred into mainstream settings 
Schot and Geels 
2008 
7 Niche development and scaling-up are favoured if there is an alignment of 
the niche with events and developments in the landscape 
Geels 2005 
A
c
to
r
 n
e
tw
o
r
k
 8 The stakeholder network is broad (partners, suppliers, users, but also policy 
makers, governmental agencies, NGOs, research centres, media etc.) 
Hoogma and Schot 
2001; Raven 2005; 
Kemp and van den 
Bosch 2006 
9 The stakeholder network includes both insiders and outsider actors (with 
respect to the dominant regime) 
Van de Poel 2000; 
Van den bosh and 
Rotmans 2008 
10 Support and protection from governmental and public institutions could 
provide legitimacy and stability to the project 
Weber et al. 1999 
11 The involvement of actors that have the power and willingness to directly 
influence the dominant culture, practices and structure (such as Ministries, 
agencies that develop protocols and standards, policy makers, politicians, 
directors, etc.) contributes to niche development and scaling-up 
Van den bosh and 
Rotmans 2008 
12 The involvement of actors that indirectly influence the regime because they 
have an interest in embedding sustainable practices in society (such as 
NGOs, sustainability ambassadors, frontrunners in a sector or policy 
domain, etc.) contributes to niche development and scaling-up   
Van den bosh and 
Rotmans 2008 
13 The network composition is kept open to adjustment Weber et al. 1999 
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  14 Actors expectations are aligned on a shared project vision Kemp and Rotmans 
2004 
15 The involvement of different actors in the development of the project vision 
(participatory approach) can contribute to build-up a shared vision 
Kemp et al. 1998; 
Kemp and Rotmans 
2004; Raven 2005 
16 The development of a clear and robust project vision contributes to attract 
resources as well as new actors  
Raven, 2005 
17 The project vision is kept open to adjustments Van Lente 1993; 
Hoogma 2000 
L
e
a
r
n
in
g
 
p
r
o
c
e
s
s
e
s
 18 Learning is broad: learning about the different dimensions of the innovation 
(e.g. institutional, technological, socio-cultural, environmental, economical)  
Raven 2005 
19 Learning is reflexive: there is attention for questioning underlying 
assumptions such as social values, and the willingness to change course if 
the innovation does not match these assumptions 
Raven 2005 
20 Reflexive learning is facilitated by the involvement of an heterogeneous set 
of different actors in the network 
Hoogma and Schot 
2001 
 
Table 1. List of the expected critical factors that can influence the process of societal 
embedding of eco-efficient PSS innovations. Expected factors are grouped in four main 
clusters. For each expectation it is reported the main source from which the expectation is 
drawn. 
 
 
3. Case studies: methodology and results 
 
In order to validate and refine the previously presented conceptual framework, a case studies 
analysis was undertaken. The following text firstly describes the methodology adopted, and 
then discusses the findings.  
 
3.1 Methodology 
The case studies analysis was structured in six steps (adaptation from Yin (1989)): 
1. Conceptual framework development: a first version of a conceptual framework was 
developed to provide a description of how eco-efficient PSS innovations take place and 
which factors influence that process. It represented the theory against which the cases 
were tested. 
2. Cases selection: cases are related to the innovation journeys made by six companies in 
introducing their eco-efficient PSS innovations8 in the market. In particular two 
contrasting groups of cases can be identified: successful and unsuccessful ones. In this 
paper a case is considered successful if the result of the innovation journey is (at least) 
the setting up of market niche in which the innovation is commercialised. This selection 
strategy (cases that produce contrasting results but for predictable reasons (Yin 1998)) 
was aimed at verifying how the hypothesised critical factors (identified in the 
                                                 
8 The PSS innovations selected are user-oriented PSS (when provider owns the products and made them available to 
users in different modalities: e.g. leasing, sharing, pooling) and result-oriented PSS (when provider and customer 
agree on a specific final result; companies offer a customized mix of services and maintain ownership of the products). 
Product-oriented PSS (when products are still sold, but with some additional services: e.g. maintenance, repair, up-
grading, substitution and product take back) have not been included in this study because they usually cannot be 
considered radical innovations and therefore they can be implemented using consolidated management strategies. 
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conceptual framework) influence the implementation and diffusion process of eco-
efficient PSSs. Moreover, in order to obtain a broader picture of the phenomenon and 
facilitate the generalisability of results, heterogeneous cases were selected; in fact 
selected PSS innovations differ in terms of business sector and companies size. Table 2 
provides a brief description of each case. 
3. Data collection methods selection: in order to enhance the validation of the collected 
data, the case studies relied on triangulation (Yin 1994): multiple methods for collecting 
data were used to verify that all sources converged on the facts of a case. Within this 
research the sources of information are constituted by primary research data and/or 
secondary sources. Primary sources of data include questionnaires and semi-structured 
interviews with relevant companies’ personnel (e.g. CEOs, directors, project managers, 
etc.). Secondary sources include companies’ internal documents, scientific papers, and 
case studies made by other researchers. 
4. Data Analysis and cases description: collected data were analysed, selected and 
reduced, and used for the cases descriptions. A deductive approach was coupled with 
an inductive one. Firstly, the conceptual framework was used to examine if the factors 
identified in literature found a correspondence in the single cases (deductive 
reasoning). Secondly, the data collected from each case were used to hypothesise new 
relevant factors that were not identified in the literature analysis (inductive reasoning). 
5. Cross case analysis: After describing the single cases and examining the 
interrelationship among the factors within each case, a comparison across the cases 
was undertaken. The aim was to verify if the identified factors were confirmed or 
rejected, and identify similarities and patterns among cases. 
6. Conceptual framework validation and refinement: The results of the cross case analysis 
were used to validate and refine the conceptual framework built upon the literature 
review. 
 
Eco-efficient PSS innovation  PSS 
typology 
Succes
sful 
case 
CLEAR CHANNEL OUTDOOR, SmartBike, USA9 
Description of the PSS. SmartBike is a bike sharing system through which users can rent 
specifically designed bikes on a per minute basis. SmartBike is thought to be an alternative 
and integrative mean of transport, to be used for short trips supplemented by local public 
transport vehicles. About the organisation of the system, usually the local municipality 
(sometimes together with the local public transport company) covers the initial costs: the 
ones related to produce bikes and bike stations. Clear Channel Outdoor manages the service 
(and the related costs and revenues).  
Brief description of the implementation and diffusion process. The solution was ideated 
B2C 
(User-
oriented 
PSS)  
Yes 
                                                 
9 Primary sources: semi-structured interview with Sergio Verrecchia, project manager of BikeMI (SmartBike service in 
the city of Milan). Secondary sources: Internal documents provided by Sergio Verrecchia; newspaper articles; websites 
(www.smartbike.com, www.clearchanneloutdoor.com, www.bikemi.com). 
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in 1997. Initially the concept was proposed to several municipalities. After some rejections, in 
1998 the concept was implemented as a small pilot project in the city of Rennes (France). 
This pilot was key important because gave the opportunity to test and improve the innovation 
(both from a technical and user acceptance point of view), and also to involve new actors 
(synergies were established with the local public transport company), and attract the interest 
of new users and other municipalities. In 1998 the system was scaled up in a full operational 
service and from 2001 replicated in 15 cities around the world. 
EGO, Ecologico Guardaroba Organizzato, Italy10 
Description of the PSS. EGO is a system for the shared use of dresses among a limited 
number of women. User, after the subscription, selects 14 clothes (from a sample book) to be 
inserted in the “shared wardrobe” (currently the “shared wardrobe” includes 120 models, 
grouped in 8 different styles). Once a week user selects and picks up 7 dresses, and at the 
same time brings back the dresses used during the previous week. User pays an annual 
registration fee plus a monthly subscription. EGO takes care of washing and maintenance. 
EGO not only manages the service but also designs the dresses and manages the 
manufacturing (outsourced to other Italian companies).  
Brief description of the implementation and diffusion process. The PSS concept was 
ideated in 2003 by Vittoria Bono. From 2003 to 2008 the business idea was proposed, without 
having success, to several financial institutions to get funds. Without external financial 
support the concept was firstly implemented in 2008 as a small pilot project in the city of 
Brescia. This pilot was key strategic because gave the opportunity to learn about user 
preferences and improve the PSS offer. Thanks to the positive results obtained (and the 
support given by local environmental association and media), in 2009 a new and bigger point 
of sale was opened in Milan. In 2010 a franchising scheme was launched. 
B2C 
(User-
oriented 
PSS)  
Yes 
Finnish Energy Service COmpanies (ESCOs), Finland11 
Description of the PSS. In the ESCO model companies offer their customers a broad range 
of comprehensive energy solutions (e.g. designs and implementation of energy savings 
projects, energy conservation, energy infrastructure outsourcing, etc.). ESCOs gain their 
returns by receiving a share of the energy costs saved. If the project does not provide returns 
on the investment, the ESCO is often responsible to pay the difference. ESCOs are therefore 
economically incentivised in reducing the buildings energy consumption as much as possible. 
Brief description of the implementation and diffusion process. The ESCO model has 
been publicised in Finland for some years. However the model in 2000 was not widely 
adopted. For this reason, in order to speed up ESCO activities, the Finnish Ministry for Trade 
and Industry (MTI) awarded investment subsidies to ESCO projects during 2001. In order to 
foster the diffusion of ESCO models, a network made up of ESCOs, municipalities, financial 
institutions, a governmental institution and a research centre, was established. Working 
groups and brainstorming sessions were organized in order to combine and match the needs 
and perspective of the different involved stakeholders, and to try to solve the implementation 
and diffusion barriers. As result pilot projects in collaboration with municipalities took place, 
and policy measures were adopted to favour the ESCO models. After the experimentation the 
number of ESCO projects in Finnish municipalities remained modest up to 2001 but rose 
considerably in the following years. 
B2G, B2B 
(Result-
oriented 
PSS)  
 
Yes 
QURRENT, Qurrent, The Netherlands12 B2B, B2C Yes 
                                                 
10 Primary sources: semi-structured interview with Vittoria Bono (ideator of the PSS concept) and Valentina Rovetta 
(EGO sole administrator). Secondary sources: newspaper articles; website (www.suiteatwork.it). 
11 Secondary sources: case study made by Kivisaari et al. (2004); Finnish Ministerial report: Ministry of Trade and 
Industry (2003), and Ministry of Trade and Industry (2007); website (www.motiva.fi). 
12 Secondary sources: case study made by Keskin (2010); website (www.qurrent.com); newspaper articles. 
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Description of the PSS. Qurrent enables people to produce and manage renewable energy 
by their own. Qurrent develops devices, software and services that enable the creation of 
small local energy networks (decentralised renewable energy systems). Within these 
networks users exchange energy to maximize the efficiency of the energy they produce. To 
do this Qurrent developed three core products: the Qbox (it measures all electricity 
production and consumption and makes it possible to share capacities with the 
neighbourhood), the Qmunity website (the place where Qurrent members go to analyse their 
energy consumption and production), the Qserver (where all measures by all members are 
stored); together they constitute the Local Energy Network. 
Brief description of the implementation and diffusion process. Igor Kluin (founder of 
Qurrent) presented his business idea in 2006 in an innovation contest, and won 250,000 €, 
which were used to develop the first generation of the Qbox. In 2007 Qurrent won another 
environmental prize, consisting of 500,000 € plus consulting and accounting help. Thanks to 
the prize Qurrent had the opportunity to set up seven pilot projects (currently running) to test 
the technical and usability aspects of its system, verify the acceptation by different kind of 
actors (private users, public administration, local energy suppliers, etc), and learn about 
implementation and diffusion barriers. Since 2008 Qbox is on the market (available only in 
the Netherlands). 
and B2G 
(User-
oriented 
PSS) 
ARISTON, PayXUse, Italy13 
Description of the PSS. PayXUse, developed by the Italian appliances manufacturer Ariston, 
is a PSS that provides to clients the access to washing machines (owned by Ariston). Payment 
is based on number of washes and includes: delivery of a washing machine at home (not 
owned by customers), electricity supply, maintenance, up-grading and end-of-life collection.  
Brief description of the implementation and diffusion process. The PSS concept was 
developed in 1999, in collaboration with ENEL (an Italian energy supplier). A first field test 
took place in 2000. In 2001, after solving the technical problems emerged during the field 
test, the PSS was launched in Lombardia and Marche (two Italian regions) in a limited amount 
of kits (around 500). At the end of 2001 the company decided to not launch the PayXUse in 
the market. The main reason that brought Ariston to this decision was the fact that the 
system was based on internally developed communication technologies and standards (not 
shared with the other main producers). Going on was therefore considered a risk because 
these standards were not shareable with the other main appliances producers (producers 
which at that time were planning to enter the market with a common communication 
standard and protocol). 
B2C 
(User-
oriented 
PSS) 
No 
INTERFACE FLOORING SYSTEM, Evergreen Lease, USA14 
Description of the PSS. As an alternative to a conventional purchase of carpet floors, clients 
''lease" the services (functionality, colour, design, aesthetics) of a modular carpet system 
without taking ownership or liability for maintenance and disposal of the products. A service 
package is offered inclusive of design layouts, product selection (choosing the right products 
for the right place), carpet installation, ongoing maintenance and ultimate removal for 
recycling. Evergreen was priced cheaper than the bought equivalent over the lifespan of a 
carpet. 
Brief description of the implementation and diffusion process. The PSS solution was 
B2B and 
B2C 
(Result-
oriented 
PSS) 
 
No 
                                                 
13 Primary sources: questionnaire filled by Valerio Aisa (Indesit scientific advisor, and former project manager of the 
PayXUse project); interview with Valerio Aisa. Secondary sources: newspaper articles; internal documents provided by 
Indesit (former known as Ariston). 
14 Secondary sources: case study made by Oliva and Quinn (2003); Case study made by Tischer (2006); presentation 
made by Joan Reynolds and Graham Scott (Interface Flooring Systems, Inc.) in a workshop on extended product 
responsibility (1997, USA); website (www.interfaceflor.com). 
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ideated by Interface Flooring System in the first years of the ’90 and marketed in 1995. 
Interface signed its first lease agreement in 1995 with the Southern California Gas Company. 
Many potential customers emerged enthusiastic for the carpet-leasing idea but unfortunately, 
despite the sales effort lead by the company, the majority of negotiations broke down. Only 
six lease agreements have been signed from 1995 to 2003. The reason of the missed success 
was mainly related to the financial accounting standards related to lease agreements, which 
made Evergreen Lease a capital lease instead of an operating lease, which is less favourable 
for customers. In addition some customers did not perceive the full cost of purchasing and 
maintaining carpets, which made difficult for them to understand the potential economic 
advantages of Evergreen Lease. 
 
Table 2. Overview of the cases analysed. For each case a brief description of the PSS 
innovation and its implementation and diffusion process is provided. 
 
 
3.2 Results 
 
The following text reports the results of the case studies. For each of the four clusters it is 
discussed if the expected factors have been confirmed or not, and if new factors have emerged 
from the cases. An overview of the expected and new factors in relation to the six cases is 
provided by Table 3.  
 
3.2.1 Socio-technical experiments and societal embedding 
The successful cases analysed in this paper are all characterised by a commercialisation 
strategy based on the implementation of one or more socio-technical experiments. It has 
however to be underlined that we are not dealing with simple experiments done inside a 
company’s laboratory and exclusively aimed at improving the technical and/or usability aspects 
of the innovation, but with experiments undertaken in real settings involving a variety of 
actors and aimed at learning at many different dimensions (user preferences, political, 
regulative, cultural, social, etc.). For example in Finland, in order to foster the diffusion of 
Energy Service COmpanies (ESCOs), a network made up of ESCOs, municipalities, financial 
institutions, a governmental institution and a research centre was established; pilot projects 
were implemented in order to not only adapt the ESCO models to the municipalities’ needs, but 
also to learn about the most effective financial and policy measures to support the PSS 
innovation (Ministry of Trade and Industry 2003; Kivisaari et al. 2004). 
 Experiments showed to be crucial to incubate and shape new PSS innovations (and the 
related socio-technical practices, habits and institutions), and also to stimulate and influence 
relevant actors to support and protect the innovations (and therefore favour their societal 
embedding). For example the bike sharing system ideated by Clear Channel Outdoor was 
firstly implemented as a small pilot project in the city of Rennes; the pilot was used to attract 
the interest of the local public transport company, involve it in discussions and negotiations, 
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and finally develop synergies to stimulate public transport users to adopt the bike sharing 
system (Verrecchia 2009). 
Moreover, in successful cases, experiments were also used to stimulate changes in actors’ 
behaviours and habits. Continuing with the previous example, Clear Channel Outdoor states 
that the pilot was conceived as a way to show a new idea to the community, and stimulate 
potential users to get in touch with it and reflect about their mobility behaviours and routines 
(Verrecchia 2009). 
In addition, another important element found in successful cases is the use of experiments 
as a means of communication to raise interest on the innovation project and the related 
actors. In other words experiments (and this is something that SNM and TM do not explicitly 
underline) were used as a sort of “windows” to disseminate the innovation results and facilitate 
the enrolment of new actors (e.g. new users, potential partners etc.). For example: when, in 
1998, the bike sharing system in Rennes was improved and scaled up in a full operative 
service, Clear Channel Outdoor used it to demonstrate to other municipalities the potentialities 
of the PSS (e.g. municipalities were invited to visit the pilot); this was crucial in facilitating the 
gradual diffusion of the solution in other cities (Verrecchia 2009). 
In synthesis, successful cases are characterised by a strategic use of socio-technical 
experiments to: learn on many different dimensions (technical, usability, regulative, political, 
cultural and social acceptance, etc.); influence contextual conditions in order to favour the 
societal embedding process (stimulate changes in actors’ behaviours and practices to protect 
and support the PSS innovations); communicate the PSS potentialities to attract and enrol new 
relevant actors. These characteristics cannot be found in the analysed unsuccessful cases, 
where experiments were mainly used to only verify and improve the technical aspects of the 
PSS. For example in the PayXUse case, the two pilot projects implemented in 2000 and 2001 
were only focused on testing and improving technical issues (e.g. product requirements, data 
communication system), commercial issues (distribution channels), and usability issues (user 
interactions) (Aisa 2009). 
SNM and TM point out the importance of creating partially protected environments 
(financial and socio-institutional protections) where innovations can mature without the direct 
influence of dominant regimes (Schot and Hoogma 1996; Schot and Geels 2008). Successful 
cases show that financial protection played a significant role in the first phases of experiments 
(setting up and implementation), while in the subsequent phases protection was gradually 
removed. On the other hand socio-institutional protection (new social relationships, routines, 
standards, etc.) was not dismantled, but rather reinforced and transferred into mainstream 
settings. For example, in the Finnish ESCOs case, the financing provided by the National 
Technology Agency of Finland (Tekes) was fundamental to set up initial workshops and 
roundtables, and implement pilot projects (Kivisaari et al. 2004). After the pilot project, 
institutional protection came from the Finnish Ministry of Trade and Industry, which inserted in 
its action plan for energy efficiency (2003-2006) recommendations on how to stimulate the 
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ESCO models (i.e. new regulations, adoption of green public procurement) (Ministry of Trade 
and Industry 2003). In addition institutional protection came also from the dissemination 
activities implemented by the Ministry to make Finnish municipalities aware of the ESCO 
models (Kivisaari et al. 2004, Ministry of Trade and Industry 2007). However, as showed by 
the EGO example, successful implementation can take place even without protecting the first 
phases of the process. In this case PSS promoters tried, unsuccessfully, to get financial and 
institutional protection from the Italian Fashion Chamber and potential industrial partners; the 
missing protection resulted in a slowdown of the project development (Bono 2009; Rovetta 
2009), but did not compromise its implementation. 
SNM and TM theorists argue that the implementation of sequences of experiments (and 
their repetition in different domains and contexts) is crucial to lead to the development and 
reinforcement of the niche (Raven 2005; Rotmans and Loorbach 2006). This is not fully 
confirmed by the successful cases analysed, which are characterised by the implementation of 
few experiments (1 in the EGO and SmartBike cases, and 3 in the ESCOs case). An exception 
is represented by the Qurrent case, in which 7 pilot projects were implemented to test their 
solutions in different settings (Qurrent 2009). Of course the implementation of a variety of 
experiments is important because can increase learning opportunities (e.g. learning about 
different designs in different contexts). On the other hand this strategy could be hindered by 
the limited financial resources that companies have for investing in experimental pilot projects 
(as in the cases of SmartBike and Ego (Verrecchia 2009; Rovetta 2009)).  
As underlined by SNM and TM, even if experiments in protected spaces are key important 
for transitions, scaling-up can take place if there is an alignment with events and 
developments in the landscape (Geels 2005), and if the regime is sufficiently open to accept 
radical novelties (Rip and Kemp 1998). Successful cases show this correspondence. For 
example in the Finnish ESCO case, ESCO models were favoured by growing pressure from 
climate protection and growing energy prices (landscape development), which led to new 
energy taxes and stricter building regulations (regime development) (Kivisaari et al. 2004). 
 
3.2.2 Actor network 
The successful cases analysed in this paper are characterised by the involvement of a 
broad network, including actors from many different domains (e.g. users, governmental 
institutions, NGOs, special interest groups, research centres, etc.). A partial exception is 
represented by the EGO case, which shows a narrower network: in addition to suppliers and 
industrial partners, actors involved were potential users and (indirectly) environmental NGOs 
and media (Bono 2009). 
More in details, successful cases show networks that combine outsiders and insiders actors 
(in relation to the regime). For example in the Finnish ESCO case, the network included: 
innovative companies and scientists from the Technical Research Centre of Finland on one 
hand (outsiders); municipalities, financial institutions and governmental institutions on the 
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other (insiders). As underlined by van den Bosch et al (2008), this combination is important in 
order to couple the potentialities of outsiders in triggering innovations that deviate from the 
regime, and the potentialities of insiders in directly influencing regime culture, practices and 
institutions. 
In particular successful cases demonstrate the crucial role that can be played by actors 
such as governments, governmental agencies, local administrations, etc. in directly creating a 
favourable environment for the PSS innovation. For example in the Finnish ESCO case, the 
Ministry of Trade and Industry and two governmental agencies (Tekes and Motiva) were 
decisive in funding the pilot projects, and also in adjusting regulations to facilitate the ESCO 
models adoption (Kivisaari et al. 2004). 
An important role was also undertaken by actors such as environmental NGOs and societal 
pressure groups, because they contributed in disseminating the experiments results and 
mobilising public opinion. For example in the SmartBike case, the “publicity” provided by local 
NGOs was an important factor that brought to get exposure and attract potentially interested 
municipalities (Verrecchia 2009). In addition, also media showed to be important in 
disseminating the PSS innovations. As declared by Rovetta (2009), the first customers of the 
EGO service decided to try it because they read an article on a newspaper or a specialised 
magazine. 
In synthesis successful cases show that companies adopted a strategic behaviours oriented 
at influencing the context in which the PSS should be introduced. In particular companies set 
up project networks trying to include those actors that, directly or indirectly, could have 
affected the regime (and thus create more favourable conditions for the adoption and further 
diffusion of the innovation). 
The lack of a broad network is an important explanation of the relative failure of the 
PayXUse and Evergreen Lease cases. For example, in the PayXUse case, the main reason that 
brought the company to not introduce the solution in the market was the lack of a proper 
network capable to support the communication standard and protocols on which the solution 
was based (Aisa 2009). Going on was therefore considered a risk because such standards and 
protocols were not shared with the other main appliances producers (ibid.). Building up 
relationships and agreements, with other producers and agencies that develop protocols and 
standard, could have brought to facilitate the adoption of Ariston’s technology as a standard. 
 
3.2.3 Project vision 
As illustrated in the previous section, the establishment of a broad network of actors is 
crucial in order to facilitate the societal embedding process of PSS innovations. In relation to 
this, SNM and TM point out that the development of proper project visions is fundamental in 
order to attract and enrol actors and give a strategic direction to the innovation (Kemp and 
Rotmans 2004; Kemp and Loorbach 2006; Raven 2005). Therefore it is key important for 
companies to be able to formulate clear visions (to make explicit their expectations), and be 
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able to communicate those visions in an effective way. For example in the Qurrent case, the 
ability of the company founder in presenting the project vision (underlining all the potential 
economic and environmental benefits) was fundamental because it allowed to get the first 
funds (the Qurrent project idea was awarded in two important innovation contests), and 
because it facilitated the involvement of a variety of actors for the pilot projects 
implementation. The vision was structured in such a way in order to clearly illustrate how the 
solution would have worked and what (economic, environmental, etc.) advantages the 
implementation would have brought to the different stakeholders and the community. It 
resulted crucial for convincing funding bodies to invest on the idea, and for achieving a shared 
consensus (among the actors involved in the pilot projects) about the strategic direction to be 
followed. 
It has however to be underlined that in successful cases the project vision was not kept 
fixed, but rather open to adjustments. For example in the SmartBike case, the initial project 
vision was modified once the public transport company in Rennes got involved in the project: 
the PSS solution was in fact refined in order to favour synergies between public transports and 
the use of SmartBike (Verrecchia 2009). It is also important to not try to force consensus on a 
vision, but try to make explicit the different actors’ expectations, and use these expectations 
as a basis for discussions and negotiations (Jolivet et al. 2003). This is exactly what was done 
in the Finnish ESCO case: before implementing the pilot projects, a six months incubation 
phase was set up in order to organise discussions, seminars and workshops (involving all the 
actors) with the aim to develop a shared ESCO model (Kivisaari et al. 2004). 
The difficulties faced by the EGO in formulating and communicating its project vision in an 
effective way is an important explanation of the failure in establishing financial and industrial 
relations with other actors. As stated by Bono (2009), the Italian Chamber of Fashion, the 
financial institutions and the potential industrial partners contacted by the company, did not 
believe in the economic and environmental potential of the PSS innovation, and for this reason 
they decided to do not support the project. 
 
3.2.4 Learning processes 
The analysed cases show that learning processes are strictly related to how experiments 
are designed and managed. The experiments that focused not only at exploring and testing the 
technical aspects, but also the ones related to usability, policy, regulations, social acceptance 
etc., easily brought to broad learning processes. For example in the SmartBike case, the pilot 
project brought to learn on technology (e.g. the docking station to lock and unlock bikes), user 
preferences (e.g. the service interactions to register and use bikes), regulations (e.g. how local 
administrations can support the solution), social acceptance (e.g. how to communicate the 
solution environmental benefits), strategic partnerships (e.g. how to build mutual synergies 
with the local public transport company) (Verrecchia 2009). 
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Successful cases not only show broad learning processes, but also reflexive ones. Reflexive 
learning is fundamental in order to break down actors’ accepted assumptions and routine 
behaviours (Kemp and van den Bosh 2006), and induce changes in culture, practices and 
institutions (Van den bosh 2008; Brown et al. 2003; Brown and Vergragt 2008). For example 
in the SmartBike case, the first experiment implemented in Rennes induced reflexive learning 
in potential users (the novelty introduced by the pilot stimulated them to get in touch with the 
innovation and to potentially rethink about their mobility behaviours and routines), and in the 
local administration and public transport company (the pilot induced them to think about new 
alternative ways to plan mobility in city centres). As suggested by many authors, interactions 
among a heterogeneous set of actors (with different expectations, belief systems and 
interpretative frames) is a stimulus for reflexive learning (Hoogma and Schot 2001; Lynn et al. 
1996; Brown and Vergragt 2008). This correlation between network heterogeneity and 
reflexive learning is confirmed in successful cases. 
Another important issue is related to creating diversity among experiments, which is 
considered crucial because can led to learning about different designs in different use 
environments (Kemp and Loorbach 2003; Raven 2005; Van der Laak et al. 2007). This 
diversity can be found only in the Finnish ESCOs and Qurrent cases, were a variety of pilot 
projects were simultaneously implemented to learn about different contexts. For example in 
the Qurrent case, their decentralised renewable energy system was implemented in different 
settings: private families, housing corporations and office buildings (Qurrent 2009); this 
stimulated learning about different designs in different use environments. It has however to be 
underlined that the number of experiments and their degree of diversity depend on the 
available economic resources, and even if variety is considered important (e.g. to learn in 
different market contexts (Lynn et al. 1996)), companies could sometimes be financially 
limited in applying this strategy (as in the EGO case). 
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 EF1 One or more socio-technical experiments are 
implemented 
+ + + + + - + 
EF2 Socio-technical experiments contribute to learn on 
many different dimensions (e.g. technical, user 
acceptance, political, regulative, cultural and social 
acceptance, etc.) 
+ +/- + + - NAI + 
EF3 Socio-technical experiments contribute to influence the 
socio-technical context in order to stimulate the 
societal embedding of the PSS innovation 
+ +/- + + - NAI + 
EF4 Socio-technical experiments are initially implemented 
in an environment protected from the mainstream 
market selection (financial protection)  
+ - + + - NAI + 
EF5 Niche development is supported by repeating the 
experiment in a variety of contexts, and linking the 
experiment/s to other functions or domains  
- - +/- + - NAI +/- 
EF6 Financial protection of socio-technical experiments is + - + + NAII NAI + 
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gradually dismantled during the niche development 
process, while institutional protection is reinforced and 
transferred into mainstream settings 
EF7 Niche development and scaling-up are favoured if 
there is an alignment of the niche with events and 
developments in the landscape 
+ + + + NAII NAIII + 
NF1 Socio-technical experiments are used as “windows” to 
disseminate and communicate the innovation results  
+ + + + - NAI  
A
c
to
r
 n
e
tw
o
r
k
 EF8 The stakeholder network is broad (partners, suppliers, 
users, but also policy makers, governmental agencies, 
NGOs, research centres, media etc.) 
+ +/- + + - - + 
EF9 The stakeholder network includes both insiders and 
outsider actors (with respect to the dominant regime) 
+ - + + - - + 
EF10 Support and protection from governmental and public 
institutions could provide legitimacy and stability to the 
project 
+ NAIV + + NAIV NAIV + 
EF11 The involvement of actors that have the power and 
willingness to directly influence the dominant culture, 
practices and structure (such as Ministries, agencies 
that develop protocols and standards, policy makers, 
politicians, directors, etc.) contributes to niche 
development and scaling-up 
+ NAV + + NAV NAV + 
EF12 The involvement of actors that indirectly influence the 
regime because they have an interest in embedding 
sustainable practices in society (such as NGOs, 
sustainability ambassadors, frontrunners in a sector or 
policy domain, etc.) contributes to niche development 
and scaling-up   
+ + + + NAVI NAVI + 
EF13 The network composition is kept open to adjustment + NAVII + + NAVII NAVII + 
NF2 The stakeholder network is supported by actors that 
can mobilise public opinion (in particular media and 
NGOs) 
+ + - + - -  
P
r
o
je
c
t 
v
is
io
n
  EF14 Actors expectations are aligned on a shared project 
vision 
+ NAVIII + + + NAIX + 
EF15 The involvement of different actors in the development 
of the project vision (participatory approach) can 
contribute to build-up a shared vision 
+ NAIX + + + NAIX + 
EF16 The development of a clear and robust project vision 
contributes to attract resources as well as new actors  
+ NAX + + NAXI NAXI + 
EF17 The project vision is kept open to adjustments + + + + + + + 
L
e
a
r
n
in
g
 p
r
o
c
e
s
s
e
s
 EF18 Learning is broad: learning about the different 
dimensions of the innovation (e.g. institutional, 
technological, socio-cultural, environmental, 
economical)  
+ +/- + + - - + 
EF19 Learning is reflexive: there is attention for questioning 
underlying assumptions such as social values, and the 
willingness to change course if the innovation does not 
match these assumptions 
+ + + + - - + 
EF20 Reflexive learning is facilitated by the involvement of 
an heterogeneous set of different actors in the network 
+ + + + NAXII NAXII + 
 
Table 3. List of the expected (and new) factors, which can influence the process of societal 
embedding of eco-efficient PSS innovations, against the six cases analysed (Legend: “EFn”: 
expected factor; “NFn”: new factor; “+”: confirmed; “+/-”: partly confirmed; “-”: not 
confirmed; “NA”: not applicable. Notes: light grey columns indicate unsuccessful cases; dark 
grey column provides an overall evaluation of expected factors). See Appendix I for additional 
notes. 
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Fig. 2. Refined conceptual framework for the implementation and diffusion of eco-efficient 
PSSs. Numbers indicate the expected factors that can influence the process (see Table 3). 
 
 
4. Conclusions 
Building upon innovation studies (and in particular upon SNM and TM), this paper has put 
forward a conceptual framework that provides a structured overview of the factors considered 
important to favour the societal embedding of eco-efficient PSS innovations. A case studies 
analysis was used to validate and refine the framework: almost all the expected factors 
derived from the literature review were encountered in successful cases, one was partly 
confirmed (EF5), and two new factors emerged from the cases were added (NF1 and NF2). 
Results are illustrated in table 3 and figure 2. Factors can be grouped in four main clusters: 
- socio-technical experiments and societal embedding process: factors related to 
the implementation of  experiments (financially and/or institutionally protected) in real 
settings, aimed at testing and improving the innovation, learning on many different 
dimensions (technical, usability, regulative, political etc.), and exploring how to 
influence contextual conditions to stimulate and promote its societal embedding; 
- actor network: factors related to the building up of a broad network including a 
variety of actors (partners, suppliers, users, but also policy makers, governmental 
agencies, NGOs, research centres, media etc.), in order to support and protect the 
innovation, and also to (directly and/or indirectly) influence dominant practices and 
institutions; 
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- project visions: factors related to the formulation of a clear project vision capable to 
converge actors’ expectations and provide strategic direction to the innovation 
development; and a flexible vision open to adjustments (in relation to what is learned 
by actors); 
- learning processes: factors related to the creation of room for broad learning 
(learning about the PSS innovation and also about the different dimensions of context 
in which the innovation should be introduced), and reflexive learning (learning resulting 
in changes in actors’ reference framework, beliefs, behaviours, practices etc.). 
 
It is important to underline that these factors are strictly interrelated. Socio-technical 
experiments (as they have been described in this paper) require in fact the involvement of a 
broad network of actors. In order to involve actors, as well as to align their expectations, 
project visions are fundamental. The implementation of experiments stimulates learning 
processes, and what is learned by actors is continuously used to adjust the project vision, the 
network composition and the socio-technical experiments. Sequences of learning processes 
and experiment adjustments can allow the innovation to mature, and can give body to more 
stable socio-technical practices and institutions (capable to potentially influence the dominant 
regime). 
It has to be emphasised that the list of factors provided by this paper should be seen as 
general management indications, and not as a “recipe for success”. Niche development and 
scaling up require in fact favourable conditions and circumstances (e.g. there should be 
enough pressure form the landscape, the regime should be sufficiently open to accept radical 
innovations, etc (Rip and Kemp 1998)). These conditions and circumstances may be not 
directly (or indirectly) influenced by companies. Therefore the process from incubation to 
scaling-up becomes increasingly more uncertain and less manageable, and more influenced by 
project-external events and dynamics. However the successful cases presented in this paper 
show that the adoption of an experimental-, learning-, and network-based management 
approach, can increase chances of success (speed up and increase the possibilities to set up a 
market niche in which the innovation is commercialised). 
An important conclusion of this paper is that a different management attitude is required 
by companies: 
- first, a much broader system approach is needed. Companies should focus not only 
on the PSS solution and its value chain, but also on the contextual conditions that may 
favour or hinder the societal embedding of the PSS itself. This means that companies 
should adopt a strategic attitude oriented to influence the socio-technical context, in 
order to create the most favourable conditions for the innovation (i.e. by involving 
those actors that, directly or indirectly, could affected regime practices and 
institutions). 
 26 
- second, a “multi-term” strategic attitude is needed. The formulation of a project 
vision (the long term goal to be achieved) should be combined with the strategic 
identification of the short and medium term actions to be undertaken in order to orient 
the innovation development towards the achievement of the vision (visioning and back-
casting exercise (Quist et al. 2006; Van den Bosch et al. 2005)). 
- third, a flexible and dynamic approach should be adopted. In fact, the project vision 
is not a static outcome to be achieved, and the transition strategy is not a fixed 
roadmap to be covered. What is learned by actors during the societal embedding 
process is used to adjust the project vision and, as a consequence, to re-orient the 
societal embedding strategy and refine the network composition. 
 
Eco-efficient PSSs, if properly conceived, represent promising business models to 
potentially combine economic value with sustainability. On the other hand significant 
challenges (corporate, user and regulatory barriers) have to be faced by those companies that 
do want to implement this kind of solutions. In relation to this, SNM and TM have proved to be 
insightful, and a set of important factors (that can influence the societal embedding process) 
have been drawn from these approaches and adapted to the specificities of PSS innovations.  
On the basis of these results, a relevant research direction is to understand how to 
translate these factors and indications into an instrumental step-by-step approach (and related 
tools, guidelines etc.), to be used by companies, project managers and management 
consultants to design, manage and orient the process of introduction and diffusion of this kind 
of innovations. 
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Appendix I: additional notes to Table 3 
I. Since in the Evergreen Lease case no experiment was implemented, this expected 
factor cannot be taken into consideration. 
II. Since the PayXUse PSS was never scaled up, this expected factor cannot be taken 
into consideration. 
III. Since the Evergreen Lease PSS was never scaled up, this expected factor cannot be 
taken into consideration. 
IV. Since in the EGO, PayXUse and Evergreen Lease cases there was not any support 
and protection from governmental and public institutions, this expected factor 
cannot be taken into consideration. 
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V. Since in the EGO, PayXUse and Evergreen Lease cases there was not any 
involvement of actors capable to directly influence the dominant regime, this 
expected factor cannot be taken into consideration. 
VI. Since in the PayXUse and Evergreen Lease cases there was not any involvement of 
actors capable to indirectly influence the dominant regime, this expected factor 
cannot be taken into consideration. 
VII. Since in the EGO, PayXUse and Evergreen Lease cases the network composition did 
not change along the innovation journey, this expected factor cannot be taken into 
consideration. 
VIII. In the EGO case the vision was developed entirely inside the company without 
involving any other relevant actor. Thus, this expected factor cannot be taken into 
consideration. 
IX. In the Evergreen Lease case the innovation journey was undertaken entirely by the 
company without involving any other relevant actor. Thus, this expected factor 
cannot be taken into consideration. 
X. The project vision in the EGO case cannot be considered clear and robust. Thus, this 
expected factor cannot be taken into consideration. 
XI. Since in the PayXUse and Evergreen Lease cases the vision was not used to attract 
actors and/or resources, this expected factor cannot be taken into consideration. 
XII. Since in the PayXUse and Evergreen Lease cases the network composition was not 
heterogeneous, this expected factor cannot be taken into consideration. 
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